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METHODS AND DEVICES FOR 
COUPLING OPTOELECTRONIC PACKAGES 

ACT- 121 

[0001] The present application claims the benefit of priority of co-pending patent application 
number 60/195, 636 filed on April 7, 2000, the disclosure of which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] Nowadays, more and more information is being transmitted over optical fiber or via 
optical components instead of traditional copper wire. Connecting two components together has 
always been important. As the trend towards the use of optical components increases, so will the 
need to insure that such components are correctly connected together. If optical components 
become disconnected or are improperiy aligned (i.e., connected) firom the beginning, the 
consequences can be severe. Even small misalignments can result in significant reductions in 
signal power. 

[0003] For example, sometimes two separate sets of optical fibers need to be connected 
together. To do so requires that each set of fibers be properly aligned with one another. There 
exists a number of methods and devices for connecting both sets of fibers together. These 
existing methods and devices have drawbacks in that they do not provide for satisfactory 
alignment or require a relatively long time to do so. Neither is acceptable. 
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[0004] Similarly, sometimes optical components need to be connected together or require 
connection to an optical fiber. In each instance, the optical component and/or optical fiber must 
be aligned correctly. 

[0005] Co-pending patent appHcation number 09/614, 155 discloses the use of open face, 
optical fiber arrays for coupling integrated optical waveguides and optoelectronics submounts. 

[0006] There are other optical components besides waveguides and submounts. One other class 
of devices is known as a "vertically active device". These devices either transmit or receive 
optical signals along a substantially vertical axis. One example of such a device is a vertical 
cavity, surface emitting laser ("VCSEL"). Hereafter, this class of device (including VCSELs) 
will be referred to as "a surface device" for short. It should be understood that the words 
"vertical" or "vertically" are relative terms because such a device may be rotated 90^, in effect 
shifting the vertical to horizontal and vice-versa. More precisely then, a surface device is one 
which emits or receives a signal at an angle which is substantially perpendicular to a base 
substrate or base chip. 

[0007] Accordingly, it is a desire of the present invention to provide methods and devices for 
ahgning and coupling surface devices and the like to optical components and optical fiber to 
form optoelectronic packages. 

[0008] It is a further desire of the present invention to provide for methods and devices for 
aligning and coupling surface devices and the like to optical components and optical fiber with a 
high degree of precision. 

[0009] Further desires will become apparent from the drawings, detail description of the 
invention and claims which follow. 
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SUMMARY OF THE INVENTION 



[0010] In accordance with the present invention, there are provided optoelectronics packages, 
each comprising a base chip and optical fiber array. The chip comprises a surface device (e.g. a 
VCSEL), while the array comprises one or more optical fibers disposed in an "array V-groove". 



[001 1] The array may comprise a sealing lid designed to shield the surface device from the 
outside environment. The sealing lid may be made a part of the array which is holding the 
optical fiber ("one-piece" array) or may be a separate component ("two-piece" array), hi 
addition, the lid may be made using a dicing saw to provide a more complete seal or shield. 



[001 2] The optical fibers used in packages envisioned by the present invention may have 
angled endfaces. 



[0013] In order to provide ease of alignment and coupling of the array to the chip to form the 
package, only a rear portion of an optical fiber is bonded to the array during assembly of the 
package. The front portion is left unbonded until after assembly. This allows the front portion 
of the fiber to remain flexible so that it can be properly positioned relative to the surface device 
of the base chip. 



[0014] To prevent the adhesive used in bonding the rear portion from flowing onto the front 
portion, the arrays envisioned by the present invention comprise wick stops between the firont 
and rear portions. The wick stops effectively prevent the flow of adhesive. 



[0015] In addition to a wick stop, the package may also comprise alignment spheres (e.g., 
precision ball bearings) for aligning the fiber in both longitudinal (i.e., in a direction parallel 
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with the axis of an associated optical fiber) and vertical directions. This further improves the 
coupling of the array and base chip as well as the optical coupling of the surface device to the 
fiber. 

[0016] The packages envisioned by the present invention include base chips which comprise 
etch stop layers, such as Si02, AL2O3, or a silicon nitrate, such as SiN. 

[0017] The present invention and its advantages can best be understood with reference to the 
drawings, detailed description of the invention and claims that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 a depicts an optoelectronic package comprising an array having a front end 
seahng lid according to one embodiment of the present invention. 

[0019] FIG. lb depicts an optoelectronic package comprising an array having a monolithic, 
fi-ont end sealing lid according to one embodiment of the present invention. 

[0020] FIG. Ic depicts an optoelectronic package comprising an array having a monolithic, 
front end sealing lid formed using a dicing saw according to another embodiment of the present 
invention. 

[0021] FIG. 2 depicts an optoelectronic package which comprises an ahgnment sphere 
according to one embodiment of the present invention. 

[0022] FIG. 3 depicts an optoelectronic package which comprises a base chip having an etch 
stop layer located under a VCSEL according to one embodiment of the present invention. 
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[0023] FIG. 4 depicts an optoelectronic package comprising an alignment sphere used to adjust 
the position of the fiber with respect to a VCSEL according to one embodiment of the present 
invention. 

[0024] FIG. 5 depicts an optoelectronic package comprising a set of alignment spheres use 
to position an optical fiber with respect to a VCSEL according to another embodiment of the 
present invention. 

[0025] FIG. 6 depicts an optoelectronic package comprising an array having at least 
two wick stops according to one embodiment of the present invention. 

[0026] FIG. 7 depicts a top view of a surface device according to one embodiment of the 
present invention. 

[0027] FIG. 8 depicts a top view of an array according to one embodiment of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0028] Referring to FIG. la there is shown an optoelectronic package la according to one 
embodiment of the present invention. The package la comprises a base chip 2 and array 3a. In 
more detail, the base chip 2 comprises a surface device 4, such as a VCSEL, disposed on a non- 
mating surface "N" of the chip 2. 

[0029] In the embodiment shown in FIG. 1 a, the array 3a comprises a front end sealing lid 32. 
The sealing lid 32 functions to substantially enclose or shield the VCSEL 4 from the outside 
environment. There are many ways to affix the sealing lid 32 to the base chip 2. For example, 
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the sealing lid 32 may be soldered to the base chip 2, It should be noted that the lid 32 is 
separate from the front end portion "F" of array 3a. As such, array 3a can be referred to as a 
"two-piece" array. 

[0030] FIGS, lb and Ic depict two altemative sealing Hds 33, 34. In contrast to lid 32, Hds 33 
and 34 are made from the same substance as the balance of arrays 3b, 3c. Lids 33, 34 and arrays 
3b, 3c can be referred to as "monolithic" or "one-piece" arrays. 

[0031] Referring back to FIG. la, the array 3a fixrther comprises an "array V-groove" or 
grooves 5 which extends from a rear end "R" of the array 3 a to a the front end F. The array 3 a 
comprises an optical fiber 6 having an angled endface 6a disposed in the V-groove 5. In addition 
to the array V-groove 5, the chip 2 may also comprise a V-groove 8 (referred to as a "base chip 
V-groove" to avoid confusion). In an illustrative embodiment of the present invention, the 
optical fiber 6 is bonded (e.g., glued or soldered) to the rear portion R of the array 3a, but is not 
bonded to the front portion F of the array 3a during alignment of the array 3a with the chip 2. 
The fiber 6 is eventually bonded to the front portion F as well but not until after the array 3a and 
chip 2 are properly aligned. 

[0032] The array 3a fiirther comprises a wick stop 7 located between the rear portion R and 
front portion F of the array 3a. The wick stop 7 fimctions to prevent glue (or another adhesive) 
which has been applied to the fiber 6 on the rear portion R of the array 3 a from flowing to the 
front portion F during assembly of the package 1 (i.e., during ahgnment of the array 3 a and chip 
2). Because the front portion of the fiber 6 is unglued, it remains flexible allowing the fiber 6 to 
be set into the base chip V-groove 8. The base chip V-groove 8 is not always needed in order to 
couple the array 3a and chip 2. However, in many cases it is desirable. When the base chip 2 is 
formed with a V-groove 8 the optical fiber 6 may be disposed in the base chip V-groove 8 in 
order to substantially couple the chip 2 and the array 3 a. From an alignment perspective, a 
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package that has V-grooves in both the array and base chip has added benefits. Because a fiber 
is placed into both V-grooves, it provides additional passive alignment between the front portion 
F of the array and the base chip (i.e., alignment in a direction perpendicular to the drawing of 
FIG. la). Any glue which flows from the rear portion R towards the front portion F is prevented 
from reaching the fiber 6 associated with the front portion F because of the wick stop 7. 

[0033] When the array 3a and chip 2 are positioned as shown in FIG. 1 a, the optical fiber 6 is 
disposed on a mating surface "S" of the chip 2 to substantially couple the chip 2 and the array 3 a. 
It can also be said that when the optical fiber 6 is properly disposed on the chip 2, signals emitted 
from the VCSEL 4 will be substantially, optically coupled into the fiber 6. 

[0034] The present invention envisions other ways to help align and couple VCSEL chips 
with optical fibers/arrays in addition to wick stops and V-grooves. In another embodiment of the 
present invention, alignment spheres are used to aid in the proper ahgnment of an optical fiber 
with a VCSEL. Referring to FIG. 2, there is shown an optoelectronic package 100 which 
comprises an alignment sphere (or spheres) 9. The ahgnment sphere 9 makes it possible to move 
the optical fiber 6 longitudinally (side-to-side) in FIG. 2. To account for the presence of 
alignment sphere 9, the array 300 comprises a first pit or indentation 10b and the base chip 200 
comprises a second pit or indentation 10a. The alignment sphere 9 may comprise a precision 
ball bearing or the Kke composed of a ceramic, aluminiun, glass or quartz. 

[0035] The optoelectronics package 100 depicts the first pit 10b disposed in the front portion F 
of the array 300 at a position "P". It should be understood that the present invention also 
envisions positioning the pits 10a, 10b at different positions as well. As envisioned by the 
present invention, the pits 10a, 10b comprise pits having depths of 200 to 700 microns. One way 
of creating such pits 10a, 10b is by using a wet-etching technique (e.g., KOH etching of silicon). 
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[0036] The optoelectronic packages shown in FIGS, la-c and 2 are not the only packages 
envisioned by the present invention which can make use of wick stops, V-grooves and alignment 
spheres. FIG. 3 depicts another optoelectronic package 1000. Similar to the optoelectronic 
package 100 shown in FIG. 2, package 1000 comprises a wick stop 7, V-grooves 5, 8 and an 
alignment sphere 9. Unlike the embodiment shown FIG. 2, the base chip 2000 comprises an etch 
stop layer 2001 disposed under the VCSEL 4000. This layer 2001 may comprise a number of 
insulators or insulation materials, such as Si02, AL2O3, or a silicon nitrate, such as SiN, to name 
just a few. It should also be noted that the substrate 4001 has been etched using an RIE etched 
method. In the embodiment shown in FIG. 3, the array 3000 also comprises an optional glass 
window 4002. 

[0037] It should be noted that all of the arrays shown in FIGS, 1-3 may also comprise a 
reflective coating 4003 disposed on the front end of the array 3 as depicted in FIG. 3. As noted 
above, the alignment spheres shown in FIGS. 2 and 3 are adapted to aUgn the arrays with the 
VCSELs and chips. The present invention envisions that the front end of the optical fiber, such 
as optical fiber 6 shown in FIG. 3, should extend over the VCSEL 4000 a distance D which is 
small as possible. As envisioned by the present inventions, the distance D can be no more than 
700 microns. 

[0038] Alignment spheres may be used to aUgn an array and base chip in more that just a 
longitudinal direction. FIGS. 4 and 5 depict embodiments where one or more alignment spheres 
9000, 9001 are adapted to position an optical fiber 6 in a vertical direction, E. As envisioned by 
the present invention, the spheres 9000, 9001 help maintain a distance "G" between the fiber 6 
and VCSEL 9002 equal to 10-200 microns. It should be noted that the arrays 3001 and 3002 
shown FIGS. 4 and 5 do not comprise V-grooves like the embodiments in FIGS. 1-3. 
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[0039] It is believed by the present inventors that the use of multiple alignment spheres 9000, 
9001 adds additional flexibility and allows for increased ease in aligning the optical fiber 6 with 
the VCSEL 9002. 

[0040] FIGS. 1-5 depict VCSELs disposed on a number of non-mating surfaces. Specifically, 
FIGS. 1-3 depict VCSELs disposed on anisotropic, wet etched surfaces (forming a so-called 
"pit") while FIGS. 4 and 5 depict VCSELs disposed on Reactive Ion Etched ("RIE") surfaces. It 
should be understood that either type of surface may be used in combination with other features 
to form packages envisioned by the present invention. 

[0041] Each of the embodiments shown in FIGS. 1-5 depicts an array comprising a single 
optical fiber and VCSEL. It should be understood that the present invention is not so limited. 

[0042] The optoelectronic packages shown in FIGS, 1-5 and those envisioned by the present 
invention may comprise several VCSELs as well several optical fibers. In each case, the optical 
fibers can be aligned and coupled to the lasers using the wick stops, V-grooves and alignment 
spheres discussed herein. 

[0043] The embodiments shown in FIGS. 1-5, have depicted the use of a single wick stop. In an 
additional embodiment of the present invention, multiple wick stops may be used to prevent the 
flow of glue fi'om one portion of an array to another. Referring now to FIG.6, there is depicted 
an optoelectronic package 10 comprising an array 30. The array 30 comprises two wick stops 
70a, 70b. As envisioned by the present invention, the rear portion R of the array 30 is glued as is 
the front portion F while the middle portion M remains unglued during assembly of the package 
10. The function of the two wick stops 70a, 70b is to prevent glue or the like from the rear and 
front portions from flowing into the unglued middle portion M, This allows the optical fiber 6 
associated with the middle portion M to be loose and more flexible so that it can be precisely set 
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in the groove 80 of the base clip 20. The wick stops 70a, 70b may be referred to as a first and 
second wick stop which border the unglued middle portion M of the array 30. It should be 
understood that after the fiber 6 and VCSEL 40 are so aligned, the middle portion M is then 
glued to the array 30. 

[0044] Throughout this discussion we have mentioned that an optical fiber is bonded to an 
array by an adhesive such as glue. Alternatively, solder or another liquid, flowable adhesive may 
be used to create the appropriate bonds. 

[0045] FIG. 7 depicts a top view of a surface device 400 while FIG. 8 depicts a top view of an 
array shown in FIG. 6. 

[0046] All of the embodiments shown in FIGS. 1-8 make use of optical fibers. Varying 
compositions and designs may be used. For example, one such fiber utilized by the present 
inventors has a diameter of 125 microns and is comprised of silica. Both single-mode and multi- 
mode fibers may be used as well. 

[0047] The above discussion has set forth some examples of the ideas, features and fimctions 
related to the present invention by presenting illustrative examples and embodiments. It should 
be understood that the present invention is not hmited to the examples given above. For 
example, instead of a VCSEL (i.e., transmitters) the optoelectronic packages envisioned by the 
present invention may comprise another type of surface device, such as a photodetector. 

[0048] Other changes and variations may be made without departing firom the spirit and scope 
of the present invention, as defined by the claims that follow. 
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